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The nature and prevalence of combinations of mental disorders and their associations with premature mortality have never been reported in 
a comprehensive way. We describe the most common combinations of mental disorders and estimate excess mortality associated with these 
combinations. We designed a population-based cohort study including all 7,505,576 persons living in Denmark at some point between Janu-
ary 1, 1995 and December 31, 2016. Information on mental disorders and mortality was obtained from national registers. A total of 546,090 
individuals (10.5%) living in Denmark on January 1, 1995 were diagnosed with at least one mental disorder during the 22-year follow-up 
period. The overall crude rate of diagnosis of mental disorders was 9.28 (95% CI: 9.26-9.30) per 1,000 person-years. The rate of diagnosis of ad-
ditional mental disorders was 70.01 (95% CI: 69.80-70.26) per 1,000 person-years for individuals with one disorder already diagnosed. At the 
end of follow-up, two out of five individuals with mental disorders were diagnosed with two or more disorder types. The most prevalent were 
neurotic/stress-related/somatoform disorders (ICD-10 F40-F48) and mood disorders (ICD-10 F30-F39), which – alone or in combination with 
other disorders – were present in 64.8% of individuals diagnosed with any mental disorder. Mortality rates were higher for people with mental 
disorders compared to those without mental disorders. The highest mortality rate ratio was 5.97 (95% CI: 5.52-6.45) for the combination of 
schizophrenia (ICD-10 F20-F29), neurotic/stress-related/somatoform disorders and substance use disorders (ICD-10 F10-F19). Any combination 
of mental disorders was associated with a shorter life expectancy compared to the general Danish population, with differences in remaining 
life expectancy ranging from 5.06 years (95% CI: 5.01-5.11) to 17.46 years (95% CI: 16.86-18.03). The largest excess mortality was observed for 
combinations that included substance use disorders. This study reports novel estimates related to the “force of comorbidity” and provides new 
insights into the contribution of substance use disorders to premature mortality in those with comorbid mental disorders.
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It has long been recognized that individuals with a mental 
disorder are at increased risk of subsequently developing other 
mental disorders1. In a recent study based on comprehensive 
Danish registers, we demonstrated the pervasive nature of co-
morbidity within mental disorders by showing that individuals 
with any type of psychiatric diagnosis were at increased risk for 
subsequently developing all other types of mental disorders2. In 
that study, we restricted the analyses to pairs of disorders. This 
simplifying assumption made the analyses more tractable, but 
ignored the fact that some individuals will have three or more 
types of mental disorders.

While statistical methods have provided insights into the pat-
terns of comorbidity (e.g., internalizing and externalizing disorders 
as defined by latent class analysis)3,4, the nature and prevalence 
of combinations of mental disorders have not previously been 
described in a comprehensive way. Groups of disorders can be 
considered in temporally-ordered sets (i.e., permutations) or sets 
that occurred during a period of observation regardless of tempo-
ral order (i.e., combinations). To keep the analysis of comorbidity 
tractable, we chose to explore combinations of mental disorders re-
gardless of temporal order. Actually, our previous research2 found 
that, for pairs of mental disorders with comparable ages of onset 

(e.g., depression and anxiety disorders)5, the risk of comorbidity 
was often symmetrical, regardless of which disorder came first.

It is clear that mental disorders are associated with premature 
mortality6-8. However, mortality-related metrics such as mortal-
ity rate ratios are usually shown for single types of mental dis-
orders9,10, or broad categories of mental disorders7. While it is 
useful to compare these estimates across mental disorders, and 
some models adjust for prior mental disorders11, such studies 
have not captured the complex nature of comorbidity and its po-
tential impact on mortality.

Based on the types of mental disorders included in the Global 
Burden of Disease study, we have recently demonstrated that 
those with two or more types of mental disorders have a shorter 
life expectancy (i.e., more life-years lost) compared to those with 
one type of mental disorder12. There is a need to more precisely 
map the associations between specific combinations of mental 
disorders and excess mortality.

We had the opportunity to explore the above-mentioned re-
search questions using high quality Danish registers. The aims 
of the current study were to: a) describe the rate of accumula-
tion of mental disorders over time; b) explore the prevalence and 
demographic correlates of combinations of mental disorders; c) 
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estimate the mortality rate ratio for these combinations; and d) 
estimate the reduction in life expectancy for each mental disor-
der set.

Based on our previous observations that common disorders 
such as mood disorders, neurotic/stress-related/somatoform 
disorders and substance use disorders were each associated with 
appreciable risks of developing a range of other disorders2, we 
predicted that these disorders would be found in many common 
combinations. Furthermore, since we estimated that substance 
use disorders were strongly associated with premature mortality 
(when looking both at mortality rates and life expectancy)7, and 
that life expectancy was shorter for those with two or more types 
of mental disorders12, we predicted that combinations including 
substance use disorders or a larger number of disorders would 
be associated with greater risk of premature mortality.

METHODS

Study population

We defined two population-based cohorts – one dynamic and 
one fixed – in order to optimize the analyses of the key research 
questions in this study.

The dynamic cohort included all 7,505,576 persons younger 
than 95 years living in Denmark at some point between January 
1, 1995 and December 31, 2016. Each individual in the study was 
followed from birth, immigration to Denmark, or January 1, 1995 
(whichever happened last) until death, emigration from Denmark, 
95th birthday, or December 31, 2016 (whichever happened first).

The fixed cohort comprised a subset of the dynamic cohort. 
More specifically, it included all 5,205,859 individuals living in 
Denmark on January 1, 1995 (thus, it did not include those born 
in or immigrating to Denmark after that date).

All data were obtained from the Danish Civil Registration Sys-
tem13, which has maintained information on all residents since 
1968, including sex, date of birth, continuously updated informa-
tion on vital status, and a unique personal identification number 
that can be used to link information from various national registries.

Assessment of mental disorders

Information on mental disorders was obtained from the Dan-
ish Psychiatric Central Research Register14, which contains data 
on all admissions to psychiatric inpatient facilities since 1969 
and all visits to outpatient psychiatric departments and emer-
gency departments since 1995.

The diagnostic system used was the Danish modification of 
the ICD-8 from 1969 to 1993, and of the ICD-10 from 1994 on-
wards. In order to make the analyses tractable, and to avoid iden-
tified comorbidity within broad domains (e.g., several types of 
anxiety disorders or substance use disorders), we used the ICD-
10 subchapter categories considered in previous publications 
based on Danish registers2,3: organic, including symptomatic, 

mental disorders (F00-F09); mental and behavioral disorders 
due to psychoactive substance use (substance use disorders) 
(F10-F19); schizophrenia and related disorders (F20-F29); mood 
disorders (F30-F39); neurotic, stress-related and somatoform 
disorders (F40-F48); eating disorders (F50); personality disor-
ders (F60); intellectual disabilities (F70-F79); pervasive develop-
mental disorders (F84); and behavioral and emotional disorders 
with onset usually occurring in childhood and adolescence (here 
abbreviated as “behavioral disorders”) (F90-F98).

For each individual in the study, the date of onset for each dis-
order was defined as the date of first contact with the psychiatric 
care system.

Statistical analysis

Prevalence estimates and demographic correlates of all combi-
nations of mental disorders were calculated using the fixed cohort 
of individuals living in Denmark on January 1, 1995, who had 22 
years of follow-up (unless censored due to death or emigration). 
This was done to allow for accumulation of comorbidity over time, 
and measurement of demographic correlates on the same date 
(which would not have been possible with the dynamic cohort).

We described the rate and number of different mental dis-
orders diagnosed during the 22-year period according to sex, 
country of birth (Denmark or others) and several baseline char-
acteristics (each measured on January 1, 1995): age, gross yearly 
income, highest education achieved, and labour market affili-
ation15. Post-hoc analyses compared the rate of diagnoses be-
tween different categories using Wald tests.

Results on mortality were based on the dynamic cohort (the 
fixed cohort of individuals living in Denmark on January 1, 1995 
plus those born in or immigrating to Denmark between 1995 and 
2016). We used the dynamic cohort to estimate mortality because 
time-to-event analyses can easily deal with dynamic cohorts, 
and the larger sample provided us with more precise estimates.

Each person was classified as experiencing a specific combina-
tion of mental disorders, with all disorders modelled as time-vary-
ing variables16. Date of onset for a given combination of disorders 
was based on the date of diagnosis of the last of the disorders.

Mortality rate ratios (MRRs) with 95% confidence intervals 
(CIs) were estimated using Cox proportional hazards regression 
models, with age as the underlying time scale, and adjusting for 
sex and calendar time. Sex-specific estimates were obtained by 
including an interaction term in the models.

In keeping with previous studies7,8,10, remaining life expec-
tancy after onset of a combination of disorders compared to the 
general population of same sex and age was estimated as excess 
life-years lost. The technical development of this method has re-
cently been published8,17, and a detailed account of how to im-
plement it is available18. CIs for these estimates were obtained 
using non-parametric bootstrap with 1,000 iterations.

All analyses were performed using R version 3.5.2. The Dan-
ish Data Protection Agency, Statistics Denmark, and the Danish 
Health Data Authority approved this study.
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Figure 2  Mortality rate ratios comparing individuals experiencing each combination of mental disorders with individuals without any diag-
nosed disorder, adjusted for sex, age and calendar time; and reduction in life expectancy (in years) for individuals experiencing each com-
bination of mental disorders compared to the general population of the same sex and age. The dashed line represents no excess mortality. 
“Behavioral disorders” is an abbreviation for “behavioral and emotional disorders with onset usually occurring in childhood and adolescence”. 
“Neurotic disorders” is an abbreviation for “neurotic, stress-related and somatoform disorders”.
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RESULTS

The fixed cohort of 5,205,859 Danish residents on January 1, 
1995 (2,569,673 males and 2,636,186 females) was followed for 
96.2 million person-years, and the longest individual follow-up 

period was 22 years (1995-2016). Overall, 75% of persons were 
followed for at least 17.7 years.

During the follow-up period, 546,090 persons (10.5%) were 
diagnosed with at least one mental disorder. The overall crude 
rate of diagnosis of mental disorders was 9.28 (95% CI: 9.26-9.30) 

Figure 3  Sex-specific mortality rate ratios comparing individuals experiencing each combination of mental disorders with individuals with-
out any diagnosed disorder, adjusted for age and calendar time; and reduction in life expectancy (in years) for individuals experiencing each 
combination of mental disorders compared to the general population of the same sex and age. The dashed line represents no excess mortality. 
“Behavioral disorders” is an abbreviation for “behavioral and emotional disorders with onset usually occurring in childhood and adolescence”. 
“Neurotic disorders” is an abbreviation for “neurotic, stress-related and somatoform disorders”.
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per 1,000 person-years. The rate of mental disorders was lower 
among males compared to females, among individuals 45-64 
years old compared to other age groups, among those born in 
Denmark compared to those born elsewhere, among higher 
income vs. lower income and higher education vs. lower educa-
tion groups, and among those employed vs. unemployed or oth-
erwise outside the workforce (p<0.001 for all comparisons, see 
Table 1).

The rate of diagnosis of additional mental disorders was 70.01 
(95% CI: 69.80-70.26) per 1,000 person-years for individuals with 
one disorder already diagnosed. In those with two disorders, the 
rate of additional disorders was 63.70 (95% CI: 63.35-64.06) per 
1,000 person-years. The rates of additional disorders dropped 
slightly to 55.33 (95% CI: 54.77-55.89) and 45.48 (95% CI: 44.57-
46.42) for individuals diagnosed with three, or four or more dis-
orders, respectively.

Mental disorders by count and type

During the 22-year follow-up period, the 546,090 persons with 
at least one disorder received in total 892,449 mental disorder 
diagnoses. At the end of follow-up, there were 332,715 persons 

(6.2%) with exactly one disorder, 137,992 (2.7%) with exactly two, 
57,052 (1.1%) with exactly three, and 28,331 (0.5%) with four or 
more mental disorders (see Table 1).

The 22-year prevalence for all disorders is presented in Table 2 
and Figure 1. The most prevalent mental disorders were neurotic/
stress-related/somatoform disorders (4.6% of the total population) 
and mood disorders (3.8% of the total population). Among individ-
uals with at least one mental disorder, 43.5% had a neurotic/stress-
related/somatoform disorder and 36.6% had a mood disorder.

Most common sets of mental disorders

We observed 616 out of 1,024 possible sets of disorders (210 
combinations of disorders without considering time ordering). 
The 52 most common sets (with at least 1,000 individuals each), 
representing 92.8% of all persons with diagnosed mental disor-
ders, are shown in Figure 1.

The three most common sets were composed of one disorder 
type (exactly-one-count sets): neurotic/stress-related/somato-
form disorders (N=96,478; 17.7% of the total 546,090 individuals 
with at least one diagnosis), organic disorders (N=76,503; 14.0%), 
and mood disorders (N=67,267; 12.3%).

Figure 4  Increase in mortality rate ratio for individuals experiencing each combination of mental disorders with vs. without substance use 
disorders, adjusted for sex, age and calendar time; and increase in life years lost for individuals experiencing each combination of mental 
disorders with vs. without substance use disorders. The dashed line represents no excess mortality associated with the addition of substance 
use disorders to each combination of disorders. “Behavioral disorders” is an abbreviation for “behavioral and emotional disorders with on-
set usually occurring in childhood and adolescence”. “Neurotic disorders” is an abbreviation for “neurotic, stress-related and somatoform 
disorders”.
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The fourth most common set was comorbid mood and neu-
rotic/stress-related/somatoform disorders (which was also the 
most prevalent exactly-two-count set; N=34,504; 6.3%). The 
most common exactly-three-count set consisted of mood, neu-
rotic/stress-related/somatoform, and personality disorders 
(N=10,592; 1.9%). These three disorder types, in combination 
with substance use disorders, comprised the most common ex-
actly-four-count set (N=4,414; 0.8%).

Indeed, mood and/or neurotic/stress-related/somatoform 
disorders, alone or in combination with other disorders, were 
present in 64.8% of individuals diagnosed with any mental disor-
der. This percentage increased to 80.0% among individuals with 
exactly two disorders, 91.6% among those with three disorders, 
and 97.7% among those with four or more disorders.

Excess mortality associated with combinations of 
mental disorders

The dynamic cohort consisted of all 5,205,859 people from the 
fixed cohort along with an additional 2,299,717 people born in or 
immigrating to Denmark after January 1, 1995, resulting in a total 
of 7,505,576 individuals (3,742,852 males and 3,762,724 females) 
and 116.5 million person-years of follow-up.

Overall, 1,171,035 people (589,337 males and 581,698 females) 
died during the 22-year observation period (15.6% of all males and 
females). Mortality rates were higher for people with any of the 
52 most common combinations of mental disorders compared 
to those without mental disorders, except for those experiencing 
the combination of behavioral and pervasive developmental dis-
orders (MRR 1.11, 95% CI: 0.67-1.84). The highest MRR was 5.97 
(95% CI: 5.52-6.45) for the three-disorder combination of schizo-
phrenia, neurotic/stress-related/somatoform disorders and sub-
stance use disorders (Figure 2).

Each of the 52 combinations of mental disorders was associat-
ed with shorter life expectancy compared with the general popu-
lation. The smallest difference in remaining life expectancy was 
observed for organic disorders: 5.06 years (95% CI: 5.01-5.11). 
The largest difference in life expectancy was observed for those 
diagnosed with the three-disorder combination of schizophre-
nia, personality disorders and substance use disorders: 17.46 
years (95% CI: 16.86-18.03) (see Figure 2).

Males had higher mortality rates and a larger reduction in 
life expectancy than females for several disorders (e.g., schizo-
phrenia, mood disorders, neurotic/stress-related/somatoform 
disorders, substance use disorders) and combinations of disor-
ders (e.g., mood and neurotic/stress-related/somatoform dis-
orders; substance use and neurotic/stress-related/somatoform 

Figure 5  Increase in mortality rate ratio for individuals experiencing each combination of mental disorders with vs. without schizophrenia, 
adjusted for sex, age and calendar time; and increase in life years lost for individuals experiencing each combination of mental disorders with 
vs. without schizophrenia. The dashed line represents no excess mortality associated with the addition of schizophrenia to each combination 
of disorders. “Behavioral disorders” is an abbreviation for “behavioral and emotional disorders with onset usually occurring in childhood and 
adolescence”. “Neurotic disorders” is an abbreviation for “neurotic, stress-related and somatoform disorders”.
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disorders; mood and substance use disorders). Females did not 
have significantly higher mortality rates for any combination of 
disorders compared to males. However, among persons with 
pervasive developmental disorders alone, females had a larger 
reduction in life expectancy (see Figure 3).

The addition of comorbid schizophrenia and, especially, 
substance use disorders to any diagnosis or set of diagnoses 
was associated with increased mortality rates and reduced life 
expectancy across all combinations (see Figures 4 and 5). For 
example, individuals diagnosed with mood disorders alone 
experienced 1.5 times higher mortality rates than individuals 
without any diagnosis (MRR 1.53, 95% CI: 1.51-1.55), while in-
dividuals diagnosed with mood and substance use disorders 
experienced three times higher mortality rates (MRR 3.12, 95% 
CI: 3.03-3.22).

DISCUSSION

In this study we describe the fine-grained details of patterns 
of comorbidities within mental disorders, as well as the asso-
ciations between these sets of mental disorders and subsequent 
mortality rates and life expectancy.

Overall, one in every 10 individuals received a diagnosis of at 
least one mental disorder during the 22-year follow-up period. 
Among those with mental disorders, about two out of five were 
diagnosed with two or more types. In keeping with prior studies 
based on latent class analyses4,5, mood and neurotic/stress-relat-
ed/ somatoform disorders commonly co-occurred, and contrib-
uted to many different sets of comorbid mental disorders.

Results regarding the accumulation of mental disorders showed 
that the rate of additional diagnoses after an initial diagnosis was 
higher than the overall rate of any diagnosis, demonstrating the 
“force of comorbidity”. The rates of additional diagnoses after two 
or more disorders was slightly lower, but still higher than the over-
all rate of any diagnosis.

Our study is the first to provide mortality estimates related to 
combinations of a comprehensive range of mental disorders. The 
associations between mental disorders and mortality highlight 
the prominent role of comorbid substance use disorders with 
respect to both elevated mortality rates and reduced life expec-
tancy. These findings are in line with previous research9,19-21 that 
observed higher mortality rates in patients with attention deficit/
hyperactivity and other behavioral disorders, schizophrenia, bi-
polar disorder or depression, if they additionally experienced a 
comorbid substance use disorder.

Substance use disorders are relatively common3,6, and we ob-
served that these disorders often feature in combinations of men-
tal disorders. Our previous research found that the risk of being 
diagnosed with substance use disorders was higher for those with 
other prior mental disorders2. For example, those diagnosed with 
a mood or neurotic/stress-related/somatoform disorder were 10 
and 12 times more likely to be subsequently diagnosed with sub-
stance use disorders, respectively; such that 13% were diagnosed 
with substance use disorders within 15 years after the first diagno-

sis of the mood or neurotic/stress-related/somatoform disorder. 
In light of our new findings pointing to the substantial contribu-
tion of substance use also to premature mortality in those with 
mental disorders, efforts related to the prevention22 and the early 
detection and prompt treatment23 of this type of comorbidity war-
rant added emphasis.

Our study has several key strengths, the most important one be-
ing the use of population-based registers, which allowed for the in-
clusion of the entire population with prospectively collected data. 
This design and analysis greatly reduce the potential for selection 
and/or immortal time biases (i.e., when some individuals cannot 
experience death during follow-up because of the design of the 
study). Moreover, health care is free in Denmark, reducing the po-
tential inequalities in access to care between people with different 
socio-economic background. Additionally, as date of death was 
obtained from registers and is thought to be accurate24, mortality 
estimates were not affected by potential misclassification.

However, there are some limitations of the study that need to 
be taken into consideration. First, in order to make the analyses 
tractable and allow comparisons to related publications2,3,7, we 
considered broad diagnostic categories, rather than specific dis-
orders. Second, we relied on clinical diagnoses rather than direct 
structured diagnostic interviews to identify mental disorders;  
however, several studies have confirmed that many register-based 
mental disorder diagnoses have good validity25-29.

Third, although the study included the entire population, di-
agnosed individuals included only those with mental disorders 
registered in secondary care – individuals with untreated mental 
disorders, or treated solely by a general practitioner, were mis-
classified as having not experienced the mental disorder. While it 
is reasonable to assume that the most severe disorders will even-
tually be registered in secondary care, the identification of milder 
disorders could be underestimated30,31. In addition, we did not 
identify remission through registers; the group of individuals 
with a mental disorder can therefore be interpreted as persons 
who have had a diagnosis of a mental disorder, irrespective of 
their potential subsequent recovery.

Fourth, the study period used to identify combinations of dis-
orders comprised 22 years (from 1995 until 2016). While this is a 
long period to identify the most common sets of disorders, the 
estimates cannot be interpreted as lifetime prevalences of these 
combinations. With access to longer follow-up times, we might 
have seen patterns of comorbidity linking disorders with early 
onset to those with late onset. Finally, patterns of mental disor-
ders and their associated excess mortality in the Danish popula-
tion may not generalize to other countries.

To the best of our knowledge, this study is the largest and most 
detailed to quantify the frequency of combinations of comorbid 
mental disorders to date. We report novel estimates related to the 
“force of comorbidity”. In addition, we provide new insights into 
the contribution of substance use disorders to the premature 
mortality in those with comorbid mental disorders. We hope that 
this research will motivate clinical research designed to identify 
ways to prevent the development of comorbidity within mental 
disorders, as well as early detection and prompt treatment.
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